Gypsum is widely distributed in Tunisia occurring in the formation of Triassic age. The gypsum deposit of Mellegue is the alabastine type with a little of the porphyroblast type and contains traces of clay minerals and calcite. It is a moderately strong rock in terms of its unconfined compressive strength of 16 Mpa and tensile strength of 3.35 Mpa. Triaxial testing values indicated an apparent cohesion of 10 Mpa and an angle of friction of 26˚. The gypsum studied had a percentage of SO 3 of 41.71% and a percentage of CaO of 32.9%. All the samples had low densities according to the International Association of Engineering Geology (IAEG) classification and exhibited a moderate porosity whether effective or absolute. The gypsum proved to be moderately strong when tested in unconfined compression and tensile strength. Thermal analysis indicated a total weight loss of 20.27% and the whiteness index about 90%. This proved a high degree of whiteness. The time of setting can be considered short and medium, which is quite favorable for industrial application compared with other gypsum deposits currently operated.
Introduction
Gypsum is exceptionally distributed in the formation of Triassic age in Tunisia. In the study area, it is essentially a set of chaotic gypsum intercalated by marl and multicolored sandstones with a layer of ophites. Gypsum, a calcium sulfate dehydrate compound can undergo various treatments and be used for a various range of industrial and environmental application. Indeed, the importance and the industrial needs for gypsum are continuously increasing due to its environmental friendly use. This work is considered as one of the first approaches for the recognition of Triassic evaporates deposits in the northwest of Tunisia.
In this context, the present work aimed to add further details about the gypsum deposits of Northern Tunisia for potential valorization in plaster industry. Undisturbed samples of gypsum were collected from various locations of the study area and tested in the laboratory to determine their potential use in the industrial fields.
Location and Geological Setting
The study area is affected by a morphological complex that attaches to the north of the country which is separated by the valley of the Medjerdah [1] [2] . All structures in this region, which are placed in the subsiding area and called "Tunisian collapse", have the general direction of the Tunisian Atlas [3] . In the study area, the Triassic rock is represented by complex domes occupying large structures named Jebel Eddbadib [4] . It is presented buy chaotic gypsum intercalated by marl [2] [5] [6] and multicolored sandstones with a layer of ophites [2] [7] . Several researchers focused on natural and synthetic calcium sulfate dehydrate for industrial applications [8] - [17] . Among those researchers, Mansour et al. [12] , Ben Ali et al. [18] , Sdiri et al. [19] paid their attention to the application of Tunisian gypsum for construction and buildings. The Triassic is represented by saliferous complex which occupies large areas such as Jebel Eddbadib. It is a chaotic set of, limestone, micaceous and especially gypsum. We can raise bi-pyramids quartz dyed brown by iron hydroxide, dolomite and pyrite crystals. This complex salifaires "occupy positions or extrusive Diapiric which always leads to abnormal contacts" [20] . In the study area, outcrops of Triassic are often punctuated by abnormal contact, Ghanmi M [4] and some of these outcrops are interpreted by Villa et al. [21] [22] as salt glaciers. The diapiric complexes are in fact independent lithostratigraphic unit known as Rhéouis formation [1] . Their age has caused controversy [23] [24] [25] . Gottis, S. [26] found that "the Tunisian Trias shows remarkable consistency."
This Diapiric outcrop consists of a huge blocks of gypsum and siliceous limestone, shales and sandstones with some colorful past of ophitic to epidotic layers. The Outcropping of Debadib evaporates extends largely more than 20 km (Latitude: 36˚10'27"N; Longitude: 8˚42'17"E). This study has worn on thirty samples Deb1 -Deb30, collected in a Triasic gypsum (Figure 1 ), at 15 km from the Kef city. The lithology of this outcrop is described in Figure 2 . It is well known that gypsum and plaster are mainly composed of calcium sulfate [19] . Nevertheless, some impurities added may be beneficial for plaster and other particular applications of gypsum.
Materials and Methods
The methodology adopted in this work is described in Figure 3 fraction less than 125 mm was dispersed in 100 ml of distilled water and subjected to ultrasound for 30 min. The measurement was made from the solution obtained after dispersion by ultrasound. The particle size distribution was derived from the interaction between the particles and the incident radiation.
Chemical analysis was made on solutions of samples in dilute acids. SO 3 was measured gravimetrically by precipitation of BaSO 4 . CaO was determined by the precipitation of calcium oxalate. Crystallization water was determined by measuring the loss on ignition at 350˚C to constant weight [27] . Quantitative complexometric analysis was used to determine SiO 2 , Al 2 O 3 , Fe 2 O 3 , MgO, Na 2 O and K 2 O [28] . Loss on ignition was determined by calcination in an oxidizing atmosphere at 1000˚C. The mixing ratio (e/p) was determined according to the density and porosity of the material [29] . The effective porosities of gypsum were determined by use of an air porosimeter. The absolute porosity provides a measure of the total volume of voids in a rock. It's usually determined as the excess of the specific gravity over dry density. The X-ray diffraction analysis is based on the diffraction of a beam of monochromatic X-rays according to Bragg's law. X-ray diffraction analysis was carried out on the whole rock powder gypsum samples. Thermal analysis was performed using an oven with variable temperature and a heating rate of 10˚C/min. This oven had two thermocouples that record respectively the temperature of the oven and the inert sample. It was therefore possible to obtain a curve showing a series of peaks reflecting the endothermic and exothermic reactions in the sample. During thermo gravimetric analysis, a sample was continuously weighed in an oven at varying temperature. A curve having inflection points represented the reactions due to the action of the temperature such as the dehydration of gypsum and half hydrates. IR spectrometry was performed on a sample of powder by means of a spectrometer universal ATR (Attenuated Total Reflectance) sampling accessory of Perkin Elmer spectrometer. Geotechnical tests were carried out on samples taken from plaster according to the NF EN 13279-2 standard [30] . Values obtained were respectively the tensile strength, the compressive strength, triaxial test and hardness.
Samples were obtained in stainless steel molds machined with high precision, giving prismatic bars of the dimensions 40 mm × 40 mm × 160 mm [31] . Whiteness Index test was performed according to the experimental X 08-011 French standards [32] . A dry sample was subjected to light. The amount of reflected light was measured by a photoelectric cell and expressed as a percentage of the quantity of light reflected by a standard. 
Results and Discussion
Laser particle size was used to determine the granulometric distribution by diffraction technique of the laser light after the sample suspension in a dispersant. The particle size distribution was derived from the interaction between a set of particles and the incident radiation [31] .
The Particle size analysis by laser diffraction gypsum indicated a main population centered at 100 mm characteristic of gypsum (Figure 4) . The results had shown that 50% of the grains had a diameter less than or equal to 75 mm and 90% had a diameter less than 152 mm. The amplitude and the largest dispersion extended about 100 mm.
The physico-chemical results were presented in tents were very low (traces). These percentages indicated the purity of the gypsum studied. The study of the water content of the different samples of plaster showed that water absorption varied between 7% and 9%, the percentage of crystallization water was about 19.58%. The porosity was close to 12%, which reflected moderate porosity ac-cording to IAEG classification [37] . The specific gravity values determined in this study (2.22 and 2.4) were close to the value suggested by Deer et al. [38] . All of the samples tested can be considered to be of low density according to the IAEG classification and had not presented significant variations due to the absence of impurities. All samples of gypsum possessed medium porosity whether effective or absolute according to the IAEG classification.
The Mineralogical analysis by X-ray diffractogram of the whole rock powder can be seen in Figure 5 . were all characteristics of the gypsum [38] . In addition to the characteristic rays of the gypsum, others rays were observed, which indicated the presence of impurities. According to X-ray diffraction the gypsum (CaSO 4 , 2 H 2 O) represented 98.44% by mass.
The thermal behavior of samples was studied by Thermo gravimetric analysis (TGA) and differential thermal analysis (DTA). The endothermic peak at 30˚C was accompanied by an increase in mass respectively 1.56% (TGA curves). It may be due to oxida- This loss of mass was 15.8%. The exothermic peaks at 336˚C were not accompanied by a loss of mass on ATG curves; however, the exothermic peaks at 935˚C were accompanied by a weight loss of 4.47%. This can be explained by the decomposition of anhydrous gypsum CaSO 4 into CaO and SO 3 [29] . The total weight loss was about 20.27% ( Figure 6 ). According to standard X08-011 [32], the test analysis of whiteness and clarity of plaster samples showed a whiteness index ranging from 85% to 91% and a clarity in the light between 60% and 93%. These results were presented in Table 2 and reflected the purity of the gypsum. This result was confirmed by the measurement of the setting Time which ranged between 6 min and 17 min. This setting time can be considered as short to medium which is quite favorable for industrial application. The mechanical parameters of gypsum from the Debadib area are tabulated in Table 3 
Industrial Application of Debadib Gypsum
The and Lafarge (France). For further characterization of plaster Debadib, it was essential to check certain requirements plastering materials as suggested by the "National Union of gypsum industries" [8] . These specifications include various physical properties such as mechanical strength, porosity and water absorption. The mechanical behavior of plaster is regarded as an important parameter for the selection of raw foods for the manufacture of gypsum. Badens et al. [39] investigated the relationship between the mechanical properties (Young's modulus) and a set of plaster samples. They concluded that the Young's modulus is strongly influenced by moisture. Gypsum Debadib showed slight variations in module and mechanical resistance values favorable ( Table 3 ). The Debadib gypsum deposit was also compared to adhesives (bonding plaster) made from gypsum Meknassy (Central Tunisia). He presented similarity to that of Meknassy (glue Meknassy) including a high adhesive capacity, a fineness of grains and a usage flexibility ranging from one to two hours. Also these data indicate that the gypsum Debadib demonstrated the adequacy of its intrinsic characteristics with all industrial application requirements. Thereby, the gypsum of Debadib area may be considered an excellent candidate for the production of several gypsum products.
Conclusion
Gypsum is an evaporitic rock which is widely distributed throughout the Triassic deposit in the North West of Tunisia. The mineralogical analysis indicated high purity gypsum (95% gypsum) with traces of clay minerals and calcite. The specific gravity values of the gypsum studied were close to the published value for the pure substance. All the samples had low density and exhibited a moderate porosity, whether effective or absolute. The gypsum proved to be moderately strong when tested in unconfined compression and tensile strength. Triaxial testing values indicated favorable values of apparent cohesion and angle of friction compared with those quoted in the literature. The whiteness index proved a high degree. The setting time can be considered short and medium. Therefore, we can conclude that the gypsum of the Debadib area can be considered as a potential source for industry. According to the Tunisian standard NT 47.66-1 [40] , the Debadib gypsum can be used to produce respectively plaster type B (plasters for construction) or to produce plaster type C (staff Plasters, acoustic Gypsum
Plaster insulation, plaster for protection against fire) [41] . In addition to that, gypsum can be used for chemistry, agriculture and cement manufacture and has similarity with the Jurassic southern gypsum deposit.
